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ABSTRACT 

In this work we present and discuss the observations of the Mn abundances for 247 
FGK dwarfs, located in the Galactic disc with metallicity -1 <[Fe/H]< +0.3. The 
observed stars belong to the substructures of the Galaxy thick and thin discs, and 
to the Hercules stream. The observations were conducted using the 1.93 m telescope 
at Observatoire de Haute-Provence (OHP, France) equipped with the echelle type 
spectrographs ELODIE and SOPHIE. The abundances were derived under the LTE 
approximation, with an average error for the [Mn/Fe] ratio of 0.10 dex. For most of 
the stars in the sample Mn abundances are not available in the literature. We obtain 
an evolution of [Mn/Fe] ratio with the metallicity [Fe/H] consistent with previous 
data compilations. In particular, within the metallicity range covered by our stellar 
sample the [Mn/Fe] ratio is increasing with the increase of metallicity. This due to 
the contribution to the Galactic chemical evolution of Mn and Fe from thermonuclear 
supernovae. We confirm the baseline scenario where most of the Mn in the Galactic 
disc and in the Sun is made by thermonuclear supernovae. In particular, the effective 
contribution from core-collapse supernovae to the Mn in the Solar system is about 
10-20%. However, present uncertainties affecting the production of Mn and Fe in ther¬ 
monuclear supernovae are limiting the constraining power of the observed [Mn/Fe] 
trend in the Galactic discs on, e.g., the frequency of different thermonuclear super¬ 
novae populations. The different production of these two elements in different types of 
thermonuclear supernovae needs to be disentangled by the dependence of their relative 
production on the metallicity of the supernova progenitor. 
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1 INTRODUCTION 

Manganese (Mn, Z=25) is a monoisotopic element mem¬ 
ber of the iron group. In stellar spectra several Mn absorp¬ 
tion lines are known. Since early studies of stellar chemi¬ 
cal composition, it was observed that in metal-poor stars 
Mn has a different behaviour with respect to Fe com pared 
to other iron-peak elements, fe.g.. FWallersteir]Il962f l. The 
chemical evolution of [Mn/Fe] is also different compared to 


* Based on observations collected at OHP observatory, France 
t Table 1 are only available in electronic form 


a-elements (O, Mg, Si, S, Ca and Ti), whic h abundances in - 
crease with the metallicity decreasing fe.g.. ICfrattonlflOsT . 

Today a large number of Mn spectroscopic obser¬ 
vations are available for stars with different age and 
metallicity and from different galactic hosts, e.g., from 
our Galaxy, from Globular Glusters (GGs) including 


Prochaska et al. 200fll: McWilliam. I 

ich fe Smecker-Hanel 

2003 

lAlves-Brito. Barbuv & AllenI 

20071: Sobeck et al.l 

2006 

ICunha et al.ll2010l:IPancino et al. 

20 Ilf). In oarticular. 


the Mn abundance survey in globular clusters and field 
sta rs within the metal licity range —2.7 < [Fe/H] < —0.7 
by ISobeck et al.l (l2006t l found consistent average [Mn/Fe] 
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ratios ([Mn/Fe]=—0.36 and —0.37, respectively) for those 
two populations. This is consistent with the fact that 
for metallicities [Fe/H] < —1 core-collapse supernovae 
(CCSNe) are the only astrophysical producers of Mn in 
the Galaxy fe.g.. iT hielemann. Nom oto fc Hashim ot 
1^9^ _ IWooslev. Heger fc Weaveil Eoo 


the increasinK metallicity j Timmgs, Brown_J^Jruran| 2003|; 
iTravaglio, Hillebrandt fc Reineckell20o'5r Bravo et al.ll201^ . 


Nomoto, Kobavashi &: Tominagal 20131 '). The same is 


true for GCs, where the mass of the cluster is not large 
enough to keep the supernovae ejecta, and all Mn and 
Fe observed is due to pollution from massive stars be¬ 
fore the GC formed. This is the main reason for the 
good agreement for the average [ Mn/Fe1 observed i n 
unevolved halo stars and in GCs (ISobeck et al.l l2006ll . 
On the othe r hand , the star-to-star scatter reported by 
ISobeck et al.l il2006l l is —0.6 < [Mn/Fe] < 0, that is 
larger than the reported observational errors. The same 
conclusion may be derived by the observation in halo 
stars ( — 1.1 < [Mn/Fe] < 0.5) and fro m Omega Gen 
(—0.8 < [Mn/Fe] < —0.2. ICunha et aDl2010l : [Pancino et al.l 
mB)- Such a large spread is difficult to reconcile with base¬ 
line o n e-dimensional CCSN models (e.g..lWooslev fc Weaver! 
I1995I : iLimongi. Straniero fc ChiefB I2OOOI ). where for an 
amount of ®®Ni ejected in the order of 0.1 M© the stellar 
yields show an [Mn/Fe] ratio > —0.5. Therefore, the origin 
of the [Mn/Fe] in the ran ge —1.0 < [Mn/Fe] < —0.5 is 
not clearly understood ( Andrievsky. Korotin fc Martini 
I2OO7I). although an increase of Ye in the ej ecta (see Fig. 5 


Thielemann. Nomoto fc Hashimotd _199fj), a s exp ected 


from neutrino interactions fsee iFrohlich et al.l l2006l i can 
explain smaller values. An alternative scenario, in order 
to reproduce the low [Mn/Fe] ratio is the contribution 
from Hypern ovae, ejecting large quan t ities of Fe compared 


trom Hypern ovae, ejecting large quan t ities ot re compared 
to Mn (e.g.. lUmeda fc Nomotd 200 ^ I Nomoto et al.l [2OO6I : 


[Nomoto, Kobavashi fc Tominaga 20131 ). 

The observation of Mn abundances may be affected by 
deviations from the LTE. Bergemann & Gehren (2008) have 
found that [Mn/Fe] ratio measured in LTE approximation 
might underestimate the real Mn abundances up to 0.5-0.6 
dex for the metal-poor stars, and ~ 0.1 dex for stars of solar¬ 
like metallicities . 

For metallicities higher than [Fe/H['~ —1 typical 

of the Galactic discs, the o bservation of t he [M n/Fe] 
ratio is still controversial. iNissen et al.l (120001) and 


[Reddy. Lambert fc Allende Prietol ( 20061 ) reported similar 
Mn abundance trends with [Fe/H] for thick and thin 
disc st ars. On the other hand, [F elt zing, Fohlman fc Bensbvl 
(I2OO7I) and iBattistini fc Bensb^2015l) found a different be- 
haviour in t he two stellar popula tions. A similar result is 
obtained by [Hawkins et akl (l2015l ) for giant stars. 

The nucleosynthesis of Mn becomes more complex 
for metallicities typical of th e Galactic disc. Therm onu- 
clear supernovae (SNIa, e.g., [Hillebrandt et akl l2013l . for 
a recent review) start to contribut e to the production 
of Mn and Fe for [Fe/H]> —1 dMatteucci fc Greggid 

Il986l) . leading to the observed increasing trend of [Mn/Fe] 
up to the present solar values. In particular, most of 
the Fe and Mn observed t oday in the Solar system 
are made by SNe la (e.g.. Timmes. Wooslev fc Weaver 

[Koba 


W95; [Gescutti et al.1 [20081 : [Kobavashi, Karakas fc Umedal 
2011 ). The production of Fe in SNe la as ®®Ni is 
not completely independent from the initial metallicity 
of the star, and its production tends to decrease with 


On the other hand, Mn production inc reases with the initia l 
metallicity of the SNIa progenitor (e.g., Iwamoto et al.[[l999l : 


ITravaglio. Hillebrandt fc Reinec^ [2005[) . which is consis¬ 

tent with the increasing [Mn/Fe] with [Fe/H]. The metal¬ 
licity dependence of Mn production in SNe la was also in- 
ferred by Galactic c hemical evolution (GGE) simulations 
(iGescutti et al.l[2008l ). 

One of the main uncertainties affecting the evolution 
of Mn abundance in the Galactic disc is our present un¬ 
derstanding of SNIa nucleosynthesis. The two historical sce¬ 
narios proposed for SNe la are the single-degenerate sce¬ 
nario (SDS), where an accreting white dwarf (WD) is reach¬ 
ing the Chandrasekhar mass by accreting material from a 
stellar binary companion, or the double-degenerate scenario 
(DDS), where a SNIa is formed by a merger of two CO 
WDs. Based on different motivations, in the last decades 
on e or the other scenario h ave been favoured (see discussion 
in [Hillebrandt et al.|[20l3) . Another scenario related to the 
SDS is the double-detonation SN, where the SNIa explosion 
is triggered by the He detonation initiated in the external 
He shell during the accretion on a sub-Chand rasekhar pro¬ 
genitor dPakmor et al.l[2010l : iFink et al.ll201(]|) . 

Based on GGE calculations of t he [Mn/Fe] ratio in the 
Galactic disc. lMatteucci et al.1 (120091) proposed that two dif¬ 
ferent types of SNIa contributors are needed to reproduce 
the observations. More recently, based on the use of stellar 
yields fr om multi-dimens i onal hy drodynamics simulations of 
SNe la, [Seitenzahl et al.l ([2013ai ) conhrmed that both SNIa 
scenarios with a mass close to the Chandrasekhar limit 
and with sub-Chandrasekhar mass (i.e., DDS or double¬ 
detonation in an accreting sub-Chandrasekhar progenitor) 
are needed to fit the [Mn/Fe] evolution. In particular, the 
yields of the first ones carry a much larger Mn/Fe ratio than 
the second ones. 

In this work we provide the measurement for Mn abun¬ 
dances for 247 F-G-K-type dwarf stars located in the thin 
and thick disc populations, and for the Hercules Stream, 
covering the metallicity range —1.0 < [Fe/H] < 0.3. The 
main purpose of this survey is to provide new constraints 
helping to definitely establish the origin of the Mn produc¬ 
tion in the Galactic disc. The paper is organized as follow. 
The observations and selection of stars, and definition of the 
main stellar parameters are described in The abundance 
determinations for Mn and the error analysis are presented 
in 33 ] In !]4] the results are compared with other measure¬ 
ments available in the literature. The implications of the 
results and the nucleosynthesis of Mn in stars is reported in 
m Conclusions are drawn in ^ 


2 OBSERVATIONS, SELECTION AND 
PARAMETERS OF THE DISC STARS 

The investigated stellar spectra were obtained using the 
1.93 m telescope at Observatoire de Haute-Provence (OHP, 
France) equipped with echelle type spectr ographs, namely 
SOPHIE, resolving power R = 75 000 d Perruch ot et al.l 
I2OO8I) and ELODIE, R = 42 000 H aranne et al.l 1 19961) . in 
the wavelength range A 4400-6800 A and signal-to-noise ra¬ 
tio of about 100-300. 
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To distinguish between stars in the thin disc, thick disc and 
the Hercules Stream, we considered the probability that a 
star belongs to either one of them accounting for its spa¬ 
tial velocity, kinematic disc parameters, and the quantity 
and percentage of every disc stars in our sample. The stars 
that belong to the Galactic sub- structures were s electe d 
using the technique described in iMishenina et al.l ll2004h . 
The primary processing of spectra was carr ied out immedi¬ 
ately during observations (iKatz et al.l 119981 1. Further spec¬ 
tra processing such as the continuum placement, line depth 
and equivalent width (EW) measurements, etc., was con- 
duct ed using the DECH20 soft ware package by Galazutdi- 
nov (iGalazutdinov G. A.lll992 1. The atmospheric parame¬ 
ters of target stars has been determi ned earlier. The methods 
applie d are described in deta il in IMishenina fc Kovtvu^ 
(l200lll . [Mishenina et al.l (l2004l l and IMishenina et al.l I ^OSll . 


The effective temperatures Tefi are defined by calibra¬ 
tion of line-depth ratios (R1/R2) for spectral line pairs 
that markedly differ i n their low-level excitation potential 
iKovtvukh et al.l ll2003ll . A large number of calibrations (80- 
103) permitted to reduce the influence of errors in the line- 
depth and atmospheric parameter measurements on the re¬ 
sulting temperature estimates. The intrinsic accuracy of the 
method applied for dwarfs is 5-45 K. For the stars with 
[Fe/H] < —0.5 the T^s were estimated by adjustme nt of 
far-wings of the line (IMishenina Kovtvukhll2001^ . 


The surface gravities log g values are computed by the 
ionization balance of the neutral and ionized iron. This 
method implies that similar abundances are obtained from 
the neutral iron Fel and ionized iron Fell lines. Its accuracy 
is affected by a number of factors, such as uncertainty of 
oscillator strengths of the log gf lines and thermal structure 
of atmospheric models, and NLTE effects. 


However, the determination of the surface gravity by the 
parallax method is also affected by uncertainties. In order 
to determine the stellar mass by using theoretical evolution 
tracks, it is necessary to measure in advance the metallicity 
and a-element enrichment, leading to an uncertainty in the 
mass determination of ~ O.2M0, which corresponds to an 
error for the surface gravity of ~ 0.1 dex. Therefore, NLTE 
effects and atmospheric model uncertainties st il l affec t the 
analysis. As reported by lAllende Prieto et al.l (Il999ll . the 
astrometric and spectroscopic methods provide consistent 
results in the metallicity range —1 < [Fe/H] < 0.3. Hav¬ 
ing compared the resulting log g obtained by us using the 
ionization balance meth od with the log g va l ue com puted 
by using the parallax in lAllende Prieto et al.l (Il999l l for 39 
stars in co mmon, leads to d i fferen ces not exceeding 0.1 dex 
on average IMishenina et al.l (l2004h . 

The microturbulence velocity Vt is derived considering 
that the iron abundance obtained from the given Fel line is 
not correlated with the equivalent width EW of that line. 
The adopted value of metallicity [Fe/H] is the iron abun¬ 
dance derived from the Fel lines. The determination errors 
are: for the effective temperatures 8Tbs= ±100K, the sur¬ 
face gravities dlog <?= ±0.2dex, the microturbulence velocity 
5Vt= ±0.2km/sec. The obtained parameter values and their 
comparison with the re sults of other authors a re rep orted in 
IMishenina et al.l ll2004h and IMishenina et al.l (120131 . 


3 THE MN ABUNDANCE 


The Mn abundances were derived by computing the syn¬ 
thetic spectrum in the region of t he Mn lines by the newly 
updated STAR SP LTE software (|Tsyrnb ^ll99d l using the 
Kurucz models (|Castelli fc Kuru^l2004l l. The Mnl lines un¬ 
dergo hyperfine-structure (HFS) splitting, due to the inter¬ 
action of the magnetic moment of the nucleus with the mag¬ 
netic field of th e electrons. The l ist of lines and HFS data 
were taken from IProchaska et al.l (I2OOOII. The van der Waals 
damp ing constant C6 was taken from iBergemann fc Gehi^ 
(I2OO8II . Atomic data for other lines required to compute the 
synthetic spectrum in the region of the Mnl lin es were taken 
from the Vienna Atomic Line Database VALD (iKupka et al.l 
I1999II . The solar Mnl abundances are derived for each line 
by the solar spectra reflected by the moon and asteroids. 
Two echelle type spectrographs were adopted. In order to 
select reliable fitting lines, we started with derivation of the 
Mn abundances from 16 Mnl lines in the atmospheres of the 
Sun and some other stars, using spectra obtained with both 
spectrographs. A total of 6 solar spectra were used, including 
three spectra obtained with the echelle type spectrograph 
ELODIE and three spectra received by the echelle type 
spectrograph SOPHIE. Five lines were obtained: 4783, 4823, 
5432, 6013 and 6021 A. The equivalent widths EWs averaged 
by spectra for each spectrograph differ by 1-2% for strong 
lines and 2-3% for the 5432 A line. The mean difference 
of EWs of Mn lines in spectra obtained with two spectro¬ 


graphs is <(EWs(Mn)soPH/B - EWs(Mn)Bz,oD/B)> = -1-8 
±0.7 mA. Further, we also compared of EWs of Fe I lines 
measured in solar spectra obtained with two spectrographs. 
The mean difference in this case is <(EWs(Fe)soPir/£ - 
EWs(Fe)Bi:,OD/B)> = -1.2 ± 2.3 mA. Hence, the Mnl 
abundance derived from selected lines in the solar spec¬ 
tra obtained with both spectrographs are consistent. Lines 
4783 and 4823 A are rather strong, so they were not used 
in the analysis of cooler stars (Tefi < 5200 K) and those 
more enriched in iron ([Fe/H] > 0). For each line we de¬ 
rived the Mn abundances in the solar and stellar spectra, 
by fitting locally the observed spectra with the synthetic 
model. For a given line we compare the abundance value to 
the solar abundance. We adopted this differential approach 
to eliminate the impact of potential errors in the oscillator 
strengths led to the following adopted atomic parameters. 
Finally, we derived the stellar Mn abundance by averag¬ 
ing the values obtained for each line (Table [T]). The mean 
solar abundance c omputed for the l ines with log gf from 
VAL D data base ( Kupka et al.l [l999l l and the solar model 
from iGastelli fc Kurucz ( 2004h and adopted values for each 
line in this work are 5.3, 5.25, 5.27, 5.24, and 5.24 for the 
lines A 4783, 4823, 5432, 6013, 6021 A, respectively. In. Fig. 
[T]we show few examples of profile fitting for Mn lines. 


For a sample of stars also analysed by other studies, we 
compare the inferred atmospheric parameters in Table [21 
Impact of these variations are within the observational er¬ 
rors for Mn abundance. For a detailed comparison we show 
in Tab le 13 the s tellar data for each star togeth e r with other 
works. iTakedal (l2007ll and iNissen fc Schust^ (1201 ill show 
the largest variations compared to our T^s, but they also re¬ 
port larger errors (a > 100 K). The biggest departure is for 
HD 4307 bv lTake^ (^OOj), with a difference for T^b larger 
than 200 K. In the Table |4] we presented the comparison of 
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Table 1. 


Atmospheric parameters and Mn abundance log A(Mn) each used line (A, A) and [Mn/Fe] ratio for our target stars 


Star 

Teft.K 

log 9 

[Fe/H] 

Vt 

4783 A 

4823 A 

5432 A 

6013 A 

6021 A 

[Mn/Fe] 

Sun 

Thick disc 





5.30 

5.25 

5.27 

5.24 

5.24 


HD245 

5400 

3.4 

-0.84 

0.7 

4.32 

4.35 

4.10 

4.18 

4.18 

-0.16 

HD3765 

5079 

4.3 

0.01 

1.1 



5.30 

5.30 

5.30 

0.04 

HD6582 

5240 

4.3 

-0.94 

0.7 

4.20 

4.20 

4.18 

4.15 

4.15 

-0.14 

HD 13783 

5350 

4.1 

-0.75 

1.1 

4.35 

4.40 

4.40 


4.25 

-0.17 

HD 18757 

5741 

4.3 

-0.25 

1.0 

4.95 

4.95 

4.95 

4.85 

4.85 

-0.10 



A, A 



X, A 


Figure 1. Example of the fitting of the observed spectrum (black 
dots with solid line) by the synthetic spectrum (red dotted line) 
in the area of the Mn lines. 


the data of iBattistini fc Bensbvl ll2015l) and our determina¬ 
tions of parameters and Mn abundance for common stars. 
A good agreement is obtained between these two data sets. 

3.1 Errors in abundance determinations 

To determine the systematic errors in the Mn abundance re¬ 
sulting from uncertainties in the atmospheric parameter de¬ 
terminations, we derived the Mn abundance for several mod¬ 
els with modihed parameters ((5Tefr= ±100 K, Jlog g= ±0.2, 
5Vt= ±0.1). The Mn abundance variations with the modi¬ 


Table 5. Abundance uncertainties due to atmospheric parame¬ 
ters. 


Mn I lines 

± Teft± 

A log g+ 

A Vt-l- 

tot+ 


HD 22879 

(5972/4.5/1.1/-0.77) 



4783 

-0.08 

0.02 

0.03 


4823 

-0.08 

0.01 

0.02 


5432 

- 

- 

- 


6013 

-0.06 

0.02 

0.02 


6021 

-0.06 

0.02 

0.01 


average 

-0.07 

0.017 

0.02 

0.08 


HD 26923 

(5920/4.4/1.0/-0.03) 



4783 

-0.06 

0.03 

0.03 


4823 

-0.07 

0.01 

0.02 


5432 

-0.08 

0.02 

0.03 


6013 

-0.05 

0.02 

0.03 


6021 

-0.06 

0.02 

0.01 


average 

-0.06 

0.02 

0.02 

0.08 


HD 4635 

(5103/4.4/0.8/0.07) 



4783 

-0.10 

0.04 

0.02 


4823 

-0.10 

0.05 

0.02 


5432 

-0.08 

0.03 

0.06 


6013 

-0.06 

0.05 

0.02 


6021 

-0.04 

0.05 

0.04 


average 

-0.08 

0.04 

0.03 

0.10 


fied parameters and the htting errors for the computed and 
observed spectral line profiles (0.03 dex), are given in Ta¬ 
ble O The largest error occurs when the Tefr are determined 
inaccurately. Errors caused by uncertainties from other pa¬ 
rameters are marginal. The total error associated with the 
determination of the Mn abundances is 0.08 - 0.10 dex (Ta¬ 
ble [S]) 

The graph of plotted points corresponding to the Mn 
abundances for each line in spectra of all investigated stars 
is presented in Fig. [S] In particular, there is no systematic 
difference in abundances obtained for a given line. The corre¬ 
lation between (T([Mn/H]) and [Mn/H], where a is the stan¬ 
dard deviation, the mean value of which is 0.03, is shown 
in Fig. [2] No trend is observed on the graph of (j[Mn/H] 
dependence on TeS, log g or [Fe/H] either (Fig. [2]). 
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Table 2. Comparison of our parameters and Mn abundance determinations with the results of other authors for the n stars shared with 
our stellar sample. 



A(Teff) 

A (log g) 

A([Fe/H]) 

A([Mn/Fe]) 

n 

Feltzing et al. 

24 

-0.03 

-0.01 

0.02 

10 

2007 

±76 

±0.13 

±0.08 

±0.06 


Reddy et al. 

105 

-0.18 

0.01 

0.14 

9 

2006 

±100 

±0.21 

±0.11 

±0.06 


Takeda 

-14 

-0.06 

-0.04 

0.02 

31 

et al. 2007 

±119 

±0.21 

±0.10 

±0.08 


Nissen et al. 

7 

-0.03 

-0.05 

0.02 

4 

2011 

±143 

±0.20 

±0.10 

±0.02 


Adibekyan 

28 

-0.07 

0.01 

0.01 

9 

et al. 2014 

±57 

±0.14 

±0.04 

±0.05 


Battistini Bensby 

-4 

-0.10 

-0.03 

0.02 

22 

2015 

±106 

±0.15 

±0.06 

±0.06 



Table 3. Comparison of atmospheric parameters and Mn abundance for common stars. 


HD 

sourses 

Teft 

log 9 

[Fe/H] 

[Mn/Fe] 

4307 

Adibekyan et al. 2012 

5812 

4.10 

-0.23 

-0.07 


Takeda 2007 

5648 

3.75 

-0.29 

-0.09 


our 

5889 

4.00 

-0.18 

-0.06 

6582 

Reddy et al. 2006 

5300 

4.67 

-0.86 

-0.23 


Takeda 2007 

5330 

4.54 

-0.81 

-0.12 


our 

5240 

4.30 

-0.94 

-0.14 

22879 

Adibekyan et al. 2012 

5884 

4.52 

-0.82 

-0.30 


Feltzing et al. 2007 

5920 

4.33 

-0.84 

-0.18 


Nissen&Shuster 2011 

5759 

4.25 

-0.85 

-0.27 


Reddy et al. 2006 

5722 

4.50 

-0.87 

-0.39 


our 

5972 

4.50 

-0.77 

-0.22 

76932 

Feltzing et al. 2007 

5875 

4.10 

-0.91 

-0.23 


Nissen&Shuster 2011 

5877 

4.13 

-0.87 

-0.25 


Reddy et al. 2006 

5783 

4.09 

-0.86 

-0.35 


our 

5840 

4.00 

-0.95 

-0.25 

106516 

Nissen&Shuster 2011 

6196 

4.42 

-0.68 

-0.23 


Reddy et al. 2006 

6069 

4.44 

-0.74 

-0.35 


our 

6165 

4.40 

-0.72 

-0.23 

125184 

Adibekyan et al. 2012 

5680 

4.10 

0.27 

0.06 


Takeda 2007 

5629 

4.02 

0.25 

0.24 


our 

5695 

4.30 

0.31 

0.02 

157214 

Reddy et al. 2006 

5605 

4.49 

-0.41 

-0.24 


Takeda 2007 

5693 

4.21 

-0.37 

-0.15 


our 

5820 

4.50 

-0.29 

-0.11 

159482 

Nissen&Shuster 2011 

5737 

4.31 

-0.73 

-0.23 


Reddy et al. 2006 

5630 

4.58 

-0.70 

-0.32 


our 

5620 

4.10 

-0.89 

-0.21 

199960 

Adibekyan et al. 2012 

5973 

4.39 

0.28 

0.10 


Feltzing et al. 2007 

5924 

4.26 

0.28 

0.23 


Takeda 2007 

5924 

4.26 

0.28 

-0.04 


our 

5878 

4.20 

0.23 

0.02 

217014 

Feltzing et al. 2007 

5789 

4.34 

0.20 

0.02 


Takeda 2007 

5779 

4.31 

0.20 

-0.09 


our 

5763 

4.30 

0.17 

0.00 


3.2 Analysis of the Mn spectral line parameters 
and evaluation of the effects of deviations 
from LTE on determination of the Mn 
abundance. 


In order to analyse and compare consistently the Mn abun¬ 
dance obtained in different works, it is necessary to take into 


account that the authors used different oscillator strengths 
log gf and different atomic data to account for HFS in their 
analysis. The values of the NLTE corrections for the Mn 
lin es, including those us e d in our s tudy, are investigated 
by Bergemann &: Gehreiil ll2007h and iBergemann fc Gehr^ 
ll2008ll . The difference in the NLTE corrections change for 
different lines and depends on temperature and metallicity 
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Table 4. Comparison of atmospheric parameters and Mn abundance for common stars with Battistini & Bensby (2015) (BB 2015). 


HIP 

HD 

TefF 

BB 2015 

log 9 

[Fe/H] 

[Mn/Fe] 

^eff 

our 

log 9 

[Fe/H] 

[Mn/Fe] 

6653 

8648 

5841 

4.3 

0.22 

0.02 

5790 

4.2 

0.12 

0.02 

16852 

22484 

6036 

4.1 

-0.03 

-0.07 

6037 

4.1 

-0.03 

-0.04 

17147 

22879 

5970 

4.5 

-0.81 

-0.3 

5972 

4.5 

-0.77 

-0.22 

22263 

30495 

5790 

4.5 

0.02 

-0.18 

5820 

4.4 

-0.05 

-0.03 

30545 

45067 

6042 

3.9 

-0.03 

- 

6058 

4 

-0.02 

-0.09 

38625 

64606 

5188 

4.4 

-0.91 

-0.08 

5250 

4.2 

-0.91 

-0.11 

38750 

64815 

5763 

3.9 

-0.35 

-0.19 

5864 

4 

-0.33 

-0.14 

44075 

76932 

5937 

4.2 

-0.9 

- 

5840 

4 

-0.95 

-0.24 

64792 

115383 

6185 

4.3 

0.25 

0.02 

6012 

4.3 

0.11 

0.00 

74537 

135204 

5200 

4.4 

-0.19 

- 

5413 

4 

-0.16 

-0.03 

81300 

149661 

5216 

4.6 

-0.01 

- 

5294 

4.5 

-0.04 

-0.03 

82588 

152391 

5322 

4.5 

-0.08 

- 

5495 

4.3 

-0.08 

0.05 

84905 

157089 

5915 

4.3 

-0.5 

- 

5785 

4 

-0.56 

-0.19 

86013 

159482 

5760 

4.3 

-0.81 

-0.18 

5620 

4.1 

-0.89 

-0.21 

86193 

159909 

5671 

4.3 

0.03 

-0.07 

5749 

4.1 

0.06 

0.00 

88622 

165401 

5794 

4.5 

-0.4 

-0.16 

5877 

4.3 

-0.36 

-0.09 

93966 

178428 

5656 

4.2 

0.15 

-0.04 

5695 

4.4 

0.14 

0.00 

97779 

187897 

5944 

4.5 

0.12 

-0.03 

5887 

4.3 

0.08 

-0.02 

98767 

190360 

5572 

4.5 

0.26 

- 

5606 

4.4 

0.12 

0.05 

103682 

199960 

6023 

4.4 

0.33 

0.08 

5878 

4.2 

0.23 

0.02 

104659 

201891 

5973 

4.3 

-1.08 

-0.26 

5850 

4.4 

-0.96 

-0.28 

113357 

217014 

5858 

4.4 

0.24 

0.02 

5763 

4.3 

0.17 

0.00 


llBergemann fc GehrerJ [2008h . The obtained variations for 
lines of various multiplets often exceed 0.10 dex. Therefore, 
the LTE Mn abundances obtained from the lines of different 
multiplets m ust show systematic variatio ns between them. 
According to lBergemann &: GehrenI ll2008t) due to the NLTE 
effects we should have obtained the systematic difference in 
LTE Mn abundance for two line groups of different multi¬ 
plets. We used pairs of the lines 4783-4823 A (multiplet 16, 
Elow =2.3 eV) and 6013-6021 A (multiplet 27, Elow =3.07 
eV). In Figs. [3l H we show the dependences of the differ¬ 
ence in abundances ALogA = LogMui-j^z — LogMneoiz 
on the effective temperature and metallicity for the thin 
and thick disc stars. There is no systematic trend observed. 
The average variations are 0.01T0.04 and 0.02T0.04 for the 
thin and thick discs, respectively. Thus, the observations do 
not support the value s of th e LTE deviations obtained by 
iBergemann fc GehrenI (l2008l ) at the given temperatures and 
metallicities. 

The development of an adequate model of Mn atoms to 
account for the effects of deviations from LTE is complicated 
by the absence of detailed computations of atomic data, such 
as photoionization cross-section or parameters of radiative 
and shock transitions. The use of approximations such as a 
H-like approximation for Mn atoms, yields NLTE corrections 
that are not robust. Taking all this into account, we believe 
instead that the LTE determinations for the Mn abundance 
are correct within the given uncertainty of 0.1 dex. 


4 RESULTS AND COMPARISON WITH THE 
LITERATURE. 

The Mn abundances obtained for our stellar sample is shown 
in Fig. [5] upper panel. In Figure |6] our res ults are compared 
with other works for stars in the thin disc IIAdibekvan et aP 


2012 

: iNissen et al. 2000l: Reddv. Lambert & Allende Prietol 

2ooe 

: Feltzing. Fohlman & Bensbvl 

20071; Gilli et al.l 20061: 

Takeda 2007^. in the thick disc ( 

Adibekvan et al.l 2 OI 2 I: 

Nissen & Schusterl 201ll: iReddv. Lambert & Allende Prietol 

20061: Feltzing. Fohlman & Bensbvl l2007l: 

Ishigaki. Aoki & Chibal 2013). in the Galactic halo 

dGavrel et al.l 20041: Ishigaki. Aoki & Chibal 20131: 

Preston & Sneden 

2 OOOI: ICohen et al.l l2013l: iHollek et al.l 

2 OIII: Yong et al. 

2013|) and for 

different populations 
observational scatter 

1 Sobeck et al.l 200 

n. Part of the 


is due to the use of different Mn lines and different 
methods for the analysis in the papers presented above. 
Different works adop te d the LTE a pproximation, while 
IBerg emann fc GehrenI ll2008l) and iBattistini fc Bensbvl 
1 2 OI 5 I) used the NLTE approach. As we have shown above, 
our measurements for [Mn/Fe] are only marginally affected 
by the LTE assumption. Therefore, we are confident that 
we can also compare our results with these works. Most 
of the authors observe a similar increasing [Mn/Fe] trends 
with the increasing of the met a llicity in the Galactic disc 
for “1 ^ [Fs/H] ^ 0'3. iTakedal (I2OO7I ) did not observe any 
clear trend, but they u sed only one Mn line (5040 A). Stars 
from iGilli et al.l (I2OO6I ) show a larger scatter at near-to-solar 
metallicity compared to other works: in particular, they 
obtain that stars hosting planetary systems show on average 
a larger Mn enrichment compared to stars without known 
planets. 

The Mn abundances obtained for the thick and thin 
disc stellar populations in with no difference between the 
thin disc and the thick disc within uncertainties. Stars in our 
sample belonging to the Hercules Stream show abundances 
consistent with the other Galactic disc populations. A de¬ 
tailed comparison between our results and the literature is 
given in Tables [3l and HI In particular, f or stars in common 
with iFeltzing, Fohlman fc Bensb"^ 1I2OO7I ) we obtain similar 
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Figure 2. Dependences of cr[Mn/H] on atmospheric parameters, 
[Fe/H] and [Mn/H]. 



[Fe/H] 

Figure 3. The dependence of the difference between Mn abun¬ 
dances determined with the Mn I lines at 4783 and 6013 AA for 
thin disc stars. 



[Fe/H] 

Figure 4. The dependence of the difference between Mn abun¬ 
dances determined with the Mn I lines at 4783 and 6013 AA for 
thick disc stars. 


results. The only exception is HD199960, where we obtain a 
[Mn/Fe] lower by 0.21 dex that is within the errors of the two 
works. Note that the difference in the [Mn/Fe] for this star 
of our determination and the work of iBattistini &; Bensbvl 
(l2015h is 0.06 dex. For other st ars with Mn included in ou r 
sample and also measured by IBattistini fc Bensbvl ll2015ll , 
the difference in [Mn/Fe] is within the determination error 
(0.10 dex) but for one star, HD 30495. In this case the dif¬ 
ference is 0.15 dex, that is still consistent with our results 
within the errors given in BB 2015. 


5 MN OBSERVATIONS AND DISCUSSION: 
IMPLICATIONS FROM THE 
NUCLEOSYNTHESIS OF MN IN STARS 


In Fig. we have shown the evolution of Mn compared 
to Fe for stars at different metallicities, ranging from low- 
metallicity stars to super-solar metallicities. For stars with 
[Fe/H] < —1, the abundance signature of Mn and Fe and 
therefore t he observed [Mn/Fe] ratio is domina ted by CC- 
SNe (e.g., iKobavashi. Karakas fc Umedal [2011^ . while for 
higher metallicities the influence of SNe type la dominates. 
The only stable isotope of Mn (®®Mn) is made in explosive 
(complete and incomplete) Si-burning conditions as unsta¬ 
ble ®®Co, which decays afterwards via ®®Fe to ®®Mn. In com¬ 
plete Si-burning this production occurs under normal freeze- 
out conditions only f or sufficiently high densities and/or 
low entropies (see e.g., [T h ielema nn . Nomoto fc Yokoi|[l98^ : 
[Thielemann, Hashimoto fc Nomotol 1990ll . 

Such conditions exist only in (near-)Chandra s ekhar 
mass SNe typ e la ([Uuelemam]jNomoto&_Yokoi|_[l98d 


Iwamoto et al.ll 


f e ia (ymre]emam]jJNomoto^_Yoko]|_|iy8tt 
I 999 I: Brachwitz et al.[200ol : Seitenzahl et alJ 


2009I . l2013bl : iFink et al.l l2014fr In the a-rich regime 


of complete Si-burning (the only type of complete Si- 
burning experienced in CCSNe) ®®Co abundance is 
moved over to ®®Cu which decays via ®®Ni to ®®Co. 
However, ®®Co is also produced in incomplete Si- 
bu rning, which takes place in CCSNe as well as SNe 
la llThielemann. N omoto fc Yokoil 19861: Wooslev fc Weaveil 
I 995 I; Thi elernann, Nomo to fc Hashimotol _ [199^ 


Iwamoto et al.lil999l : lNakamura et al.lll999nBrachwitz et al.l 
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thin disc 

O 

O Adibel<yanetal.2012 
O Feitzing et ai.2007 
Nissen eta!. 2000 

★ Reddy 6ta!.2006 
Q Giili et al. 2006 
H Takeda2007 

# Ishigaki et al.2013 
^ Sobeketal.2006 
^ Yongelal. 2013 
thick disc + halo 

• our 

□ Adibekyanet al.2012 

♦ Feitzing et a).2007 
^ Nissen Schuster 2011 

• Reddy et 31.2006 

^ Preston, Sneden 2000 
^ Holleket al, 2011 

★ Cohen etal. 2013 
■ Cayrel etal. 2004 


[Fe/H] 


Figure 6. The trend of [Mn/Fe] ratio with respect to [Fe/H] is shown for our stellar sample, in comparison with the data of different 
authors. Markers are specified in the figure. 


I2OOOI : IWooslev, Heger fc Weaver] I2OO2I I . In all of these con¬ 
ditions, the production of ®®Co depends also on the electron 
fraction (Ye) of the matter experiencing explosive burning. 
Ye is the number of electrons per all nucleons (free and 
bound in nuclei), or the ratio of the number of all protons 
over all nucleons (i.e. neutrons plus protons). Thus, Ye = 
0.5 indicates a stellar composition with equal numbers of 
neutrons and protons, Ye < 0.5 means that it is neutron-rich 
and Ye > 0.5 that is proton-rich. In stellar evolution, the 
electron fraction Ye first changes during H- and He-burning. 
Only marginal variations occur during the following C 
burning and Ne burning evolutionary stages. In advanced 
0-burning and the n in Si-burning stages the Y e decreases 
significantly (e.g., iThielemann fc Arnetd Il 985 l ). However, 
according to present theoretical stellar models these last 
regions will not be ejected by the SN explosion, or will not 
host the thermodynamic conditions needed to make Mn 
during the explosion. 

There exists, however, a Ye change in stellar mod¬ 
els as a function of metallicity. In H-burning, the CNO- 
isotopes are burned essentially to (an N=Z nucleus) 
which is moved in He-burning to ^^Ne (an N=Z-|-2 nucleus 
due to the beta-decay of to during the a-capture 
chain based on ^“^N). In this way the metallicity (given pre¬ 
dominantly by CNO abundances) is turned into the abun¬ 
dance of ^^Ne, which differs from the Z/A=0.5 of the other 
He-burning products and determines the electron fractions 
Ye — ZiYi. For lowest metallicities ([Fe/H]=-oo) this 


relates to Ye = 0.5 after He-burning, for solar metallici¬ 
ties ([Fe/H]=0) to Ye = 0.499, for supersolar metallicities 
([Fe/H]=0.25, 0.5) to Ye = 0.498,0.496. ®®Co, the radioac¬ 
tive progenitor of ®®Mn, has a Z/A = 27/55 of 0.491, which 
would be the Ye-value at which the highest ®®Mn production 
is expected, while low metallicity stars would not produce 
®®Mn if the Ye is only determined by initial metallicity. 


5.1 Massive stars 


In massive stars, as we mentioned above, Mn is made 
mostly by the SN explosion in incomplete explosive Si- 
burning conditions as ^^Co (e.g., WooslgyLj^_Weayer 199^ 


Thielemann. Nomoto fc Hashimotd Il996l : iNakamura et al.l 
I999I: IWoosIev, Heger fc Weaveil I2OO2II . Mn production 
is increasing with the increase of the initial metallicity 
or, in other wo rds, with the decrease of the electron 
fractions Ye (e.g: .,|Thieleniann, Nomot o fc Has himotd[l9^: 
Nafamura et al.l 19991 : iNomoto. Kobavashi fc Tominagal 
2 OI 3 II . Most of Fe is made as radiogenic ®®Fe from ra¬ 
dioactive ®®Ni. This isotope is mainly made in complete 
explosive Si-burning conditions as primary product (i.e., 
independent of the initial metallicity of the star). However, 
a significant fraction is produced together with ®®Co in less 
extreme (incomplete Si-burning) SN conditions, but with 
an increasing production with increasing Ye (or decreasing 
of the initial metallicity), which is the opposite compared 
to ®®Co. This scenario is becoming more complicated 
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Figure 5. The trend of [Mn/Fe] ratio with respect to [Fe/H] is 
shown for our stellar sample: thin disc stars are marked as open 
symbols, thick disc stars as full symbols. Our determination for 
Hercules stream stars and unclassified stars are marked as black 
asterisks and points respectively. In the bottom figure we show 
the trend of [Mn/Ni] ratio with respect to [Ni/H]. 


once the zoo of different CCSN types is considered. For 
instance, Hypernovae tend to produce lower [Mn/Fe] 
ratios compared to the less energetic SN Type-II, due 
to a larger production of ®®Ni and more extended Q-rich 
freeze-out zones of complete Si-burning in compar is on to 
incomplete Si-burn ing (e.g., iNakamura et al.l Il991ll . I 2 OOII : 
iMaeda et al.l l2002h . Asymmetries before and after the 
CCSN, and the SN-sho ck propagation through the massive 
star progenitor (e.g., Thielgmgn^j^^^ 2Qn|; iHix et aJ] 
I 2 OI 4 I : IWongwathanarat. Mueller fc .Tankal 12014 ) will affect 
the final Mn/Fe ratio in the SN ejecta, possibly explaining 
the large [Mn/Fe] spread observed in the early Galaxy 
(Figure [6]). Within this observational scatter, most of halo 
stars show an [Mn/Fe]~ —0.4. Considering that CCSNe are 
producing about 30-50% of the Fe observed in the Solar 
system, this means that 12-20% of the solar Mn is made by 
CCSNe. 


5.2 Type la supernovae 

For [Fe/H] > —1, the [Mn/Fe] ratio in disc stars is 

increasing up to the solar ratio, due to the contribu¬ 


tion from SNe la (SNIa, e.g., iHillebrandt et ahl l2013fl 
with on average [Mn/Fe] >0 This is due to the fact that 
(near-) Chandrasekhar mass SNe type la experience also 
normal freeze-out conditions from nuclear statistical 
equilibrium in complete, explosive Si-burning, caused 


Thielemann. Nomoto & Yokoil 198f)l: Iwamoto et al. 

- --o-? 

1999 

Brachwitz et al.1 2000l: Seitenzahl et al.1 20091. 

2013b 

Fink et al.l 1201411. In these inner high-densitv regions 


the He is not due to the initial stellar metallicity (see 
introduction to this section), but caused by the capture of 
degenerate electrons with high Fermi energies on protons. 
Even the reduction o f theoretical electron-capture rates 
dBrachwitz et al.]l200Cll l did not change the amount of ®®Co 
produced in these inner zones, because a region of similar 
mass content with the relevant Ve result s also in that 
case. In particular, lYamaguchi et all ll2015ll recently have 
reported the first direct observation of high Mn/Fe ratios in 
the SNIa remnant 3C 397, that can be explained only by the 
low Ys due to electron captures. This makes 3C 397 an ideal 
candidate of a Chandrasekhar mass SNIa. In addition to 
these inner zones with normal freeze-out from complete Si- 
burning, also incomplete Si-burning is taking place in layers 
further out, where Ye is determined by the initial metallic¬ 
ity, i.e. where the production of Mn and Fe depends on the 
initial composition of the stellar progenitor. This results in 
a situation where the production of Mn and Fe in the inner 
zones is independent on the initial metallicity (just due to 
electron capture as a function of central density), while the 


the 

initial metallicity (e.g., Nomoto. Thielemann & Yokoi 

1984 

: [Thielemann. Nomoto & Yokoi 1989: Iwamoto et al. 

1999 

: iBrachwitz et al.l 200C 

: Thielemann et al.1 l2003l: 

Seitenzahl et al. 20091. l2013b 

: Fink et al. 2014h. If we 

take 

e.g. the results of (Iwamoto et al. Il999ll for the 


(near-) Chandrasekhar mass type la explosion model W7 
based on progenitor stars of zero and solar metallicity 
([Fe/H]=— 00 , 0), this leads to composition ratios in 
the ejecta of [Mn/Fe]=0.067 and 0.227, which would of 
course find their way into the ISM and new stars only 
after the appropriate delay times for their formation with 
that initial metallicity. By scaling the Mn production in 
outer layers varying linearly with metallicity (but keeping 
constant the Mn yields from the inner ejecta dominated by 
electron-capture) this would lead for [Fe/H]=0.25 and 0.5 to 
[Mn/Fe]=0.30 and 0.38, respectively. Other delayed detona¬ 
tion models find for so l ar met allicities values [Mn/Fe]=0.42 
(see ISeitenzahl et al.l l2013al f . All (near-)Chandrasekhar 
mass models lead to [Mn/Fe] > 0, a contribution needed to 
explain the change from about —0.4 at low metallicities to 
[Mn/Fe]> 0.3 at supersolar metallicities. 

Sub-Chandrasekhar mass type la models (see below) 
lack the inner electron-capture dominated Mn ejecta and 
contain only the outer metallicity dependent, incomplete 
Si-burning ejecta. Therefore, they will eject material with 
[Mn/Fe]< 0. The reproduction of the observed [Mn/Fe] 
trend with respect to [Fe/H] in the Galactic disc is an 
important diagnostic for Galactic chemical evolution 
and the (type la) supernova models contributing to it. 
The increasing [Mn/Fe] trend has been considered as a 
signature: 1) of the gradual enrichm ent by SNIa ejecta of 
the ISM dKobavashi fc Nomotolfioogfl : 2) of the increasing 
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Mn/Fe ratio i n the SNIa yields w ith the metallicity of 
the progenitor dCescutti et alJ 120081) : 3) of the overlapping 
contribution of sub-Chandrasekhar SNe la made by WD 
mergers (e.g., IPakmor et al.l l201Clll or triggere d by He- 
detonation on a single WD le.g.. lFink et al.ll201Cll l. and SNe 
la rea ching the Chandrasekhar mass by acc r etion on a WD 
(e.g., iThielem ann. Nomoto fc Yokoil 19861: Iwamoto et al.l 


Brachwitzeta]J 2000l: Thiejemanr^t akl 20031: 
Seitenzahl et al.l l2009l . l2013bl : iFink et al.l 1201^ ). This last 
result has been discussed recently by Seitenzahl et al.l 
ll2013al ): sub-Chandrasekhar SNe la do not reach the 
conditions to make ®®Co in nuclear statistical equilibrium 
opposite to more massive SNe la, yielding low Mn/Fe 
ratio ejecta. Therefore, the [Mn/Fe] trend observed in the 
galactic disc may be used as an indirect diagnostic of the 
relative contribution from different types of SNe la. All the 
three arguments discussed above may play a role in defining 
the galactic trend of the [Mn/Fe] ratio, affecting in a similar 
way the evolution of the [Mn/Fe] with respect to [Fe/H]. 
The uncertainties associated with the nucleosynthesis of 
Mn and Fe in SNe la need to be also considered. While the 
nuclear uncertainti es seem to be less relevant for this case 
dParikh et al.l[20l3l . other uncertainties associated with the 
SNIa explosion and to the stellar progenitor structure need 
to be considered. 

Mn and Fe have an opposite dependence on the metal¬ 
licity of the SNIa progenitor, which makes the analysis 
more complicated. The contribution to the solar inven¬ 
tory by CCSNe and SNe la is quite similar for Ni and 
Fe, yielding a quite flat [Ni/Fe] for stars with metallicities 
lower than solar in the disc and in the galactic halo (e.g. , 
iKobavashi. Karakas fc UmedalEoill : iMishenina et al.l 2Q1^ 
and r eferences therein). As discussed in Mishenina et al.l 
ll2013ll . Ni is a primary product both in CCSNe and in SNe 
la, made by nucle ar statistical equilibrium in both the two 
stellar sources (see l.Terkstrand et al.ll2015l . for a recent anal¬ 
ysis of Ni production compared to Fe in CCSN conditions). 
Therefore, for basic nucleosynthesis reasons the evolution of 
the [Mn/Ni] ratio should be an observational diagnostic for 
the production of Mn in stars much easier to study than the 
[Mn/Fe] ratio. 

We need to remind that the reproduction of the ob¬ 
served [Ni/Fe] trend in the galaxy has been proven to 
be challenging for GCE sim ulations, both in the halo 
and in the galactic disc (e.g., Goswami fc PrantzosI l2000l : 
IKobavashi, Karakas fc Umedal 201 il l. While assumptions 
made by GCE models may be an important source of un¬ 
certainty, the present issues to reproduce the [Ni/Fe] galac¬ 
tic trend is related to the present limitations in theoretical 
stellar models and, as a consequence, in the stellar yields 
used by GCE simulations. On the other hand, a conhrma- 
tion of theoretical results comes for SNe la with close-to 
Chandrasekhar mass, with these objects yieldin g high Ni/Fe 
and low Mn/Ni ejecta llYamaguchi et aLl2015l l. This means 
that the [Mn/Ni] ratio can be also used to distinguish differ¬ 
ent SNIa populations together with the [Mn/Fe] ratio, but 
without being affected by the metallicity dependence asso¬ 
ciated with the Fe yields of SNe la. Consistent observations 
for Mn, Fe and Ni on the same stellar samples are impor¬ 
tant to study the production of Fe-group elements in SNe 
la. GCE studies aiming to deliver robust conclusions about 


the nucleosynthesis of Mn, should take into account both Fe 
and Ni as reference elements. 

In order to study the impact of this in our analysis, we 
also compare the Mn abundance with Ni (Fig. O. The av¬ 
erage error for [Mn/Ni] is about 0.15 dex (IMishenina et all 
l2013lj . For our stellar sample, the average observed slope for 
[Mn/Fe] with respect to [Fe/H] is 0.227T0.012, while we ob¬ 
tain for [Mn/Ni] with respect to [Ni/H] 0.149±0.015. The 
two slopes are different. For the considerations made before, 
we may expect to observe a steeper slope for [Mn/Fe] com¬ 
pared to [Mn/Ni]. This conhrm that the metallicity depen¬ 
dence of Fe yields in SNe la may play a role in the [Mn/Fe] 
and [Ni/Fe] trends. The impact of this with respect to the 
contribution from different SNIa populations to Mn, Fe and 
Ni still has to be investigated. At the moment we cannot de¬ 
rive any quantitative conclusion, since our thick disc sample 
does not include enough stars and because of observational 
errors. Furthermore, in our stellar sample we observe a larger 
dispersion of the [Mn/Ni] data compared to [Mn/Fe] in Fig. 
O in particular for thin disc stars. 


6 CONCLUSIONS AND FINAL REMARKS. 

In this work we presented and discussed the abundance mea¬ 
surements of Mn for 247 disc stars. The analysis is based on 
LTE assumptions. The insufficient accuracy of atomic data 
makes difficult to construct an adequate model for NLTE 
calculati ons for Mn. We show that i n our case the correc¬ 
tions bv iBergemann fc Gehreiil ll2008ll are not conhrmed by 
observations. We have discussed the uncertainties affecting 
the determination of the Mn abundance. For [Mn/Fe] we 
obtain an error of about 0.10 dex. The major source of its 
uncertainty is the choice of the temperature. 

For disc stars in our stellar sample we obtain an increas¬ 
ing [Mn/Fe] trend with [Fe/H] consistent with most of other 
works. Within observational uncertainties we cannot disen¬ 
tangle the abundance patterns for thin disc and th i ck dis c 
stars, as obtained by IFeltzing, Fohlman fc Bensbvl ll2007ll : 
iBattistini fc Bensbvl ll2015ll . On the other hand, our deter¬ 
minations of [Mn/Fe] are consistent with the data of these 
two works for common stars within the observational errors. 
We have compared the [Mn/Fe] and [Mn/Ni] trends with 
[Fe/H] and [Ni/H], respectively. The reason is that Mn and 
Fe production in SNe la both depend on the initial metallic¬ 
ity of the progenitor with opposite trends: Mn yields increase 
with the metallicity of the SNIa progenitor, while Fe yields 
decrease. On the other hand, Ni production is independent 
from the initial stellar metallicity. We show that the [Mn/Ni] 
and [Mn/Fe] patterns have an average slope of 0.149T0.015 
and 0.227±0.012, respectively. While the slopes are different 
within 2a, the [Mn/Ni] observational dispersion for thin disc 
stars and our small sample of thick disc stars do not allow 
to derive quantitative conclusions. 

We reviewed the production of Mn and Fe in SNe la 
and CCSNe. In particular, there are three main scenarios 
that are qualitatively compatible with the observed [Mn/Fe] 
pattern in the galactic disc, including the relative contribu¬ 
tion from both sub-Chandrasekhar mass SNe la and more 
massive SNe la. In order to dehne the relative frequency of 
the different SNIa populations explaining the [Mn/Fe] ob¬ 
servations, the impact of the other two aspects need to be 
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disentangled and weighted consistently by a detailed GCE 
study. 
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Table 1: Atmospheric parameters and Mn abundance log A(Mn) each 
used line (A, A) and [Mn/Fe] ratio for our target stars 


Star 

TeB,K 

log g 

Vt 

[Fe/H] 

4783, A 

4823,A 

5432,A 

6013,A 

6021, A 

[Mn/Fe] 

Sun 





5.3 

5.25 

5.27 

5.24 

5.24 


Thick disk 











HD245 

5400 

3.4 

-0.84 

0.7 

4.32 

4.35 

4.1 

4.18 

4.18 

-0.16 

HD3765 

5079 

4.3 

0.01 

1.1 



5.3 

5.3 

5.3 

0.04 

HD6582 

5240 

4.3 

-0.94 

0.7 

4.2 

4.2 

4.18 

4.15 

4.15 

-0.14 

HD13783 

5350 

4.1 

-0.75 

1.1 

4.35 

4.4 

4.4 


4.25 

-0.17 

HD 18757 

5741 

4.3 

-0.25 

1 

4.95 

4.95 

4.95 

4.85 

4.85 

-0.1 

HD22879 

5972 

4.5 

-0.77 

1.1 

4.31 

4.28 


4.25 

4.25 

-0.22 

HD65583 

5373 

4.6 

-0.67 

0.7 

4.5 

4.5 

4.55 

4.45 

4.45 

-0.1 

HD76932 

5840 

4 

-0.95 

1 

4.05 

4.1 


4.05 

4.05 

-0.25 

HD106516 

6165 

4.4 

-0.72 

1.1 

4.35 

4.35 



4.25 

-0.23 

HD110897 

5925 

4.2 

-0.45 

1.1 

4.7 

4.7 

4.73 

4.6 

4.6 

-0.14 

HD 135204 

5413 

4 

-0.16 

1.1 

5.15 

5.05 

5.08 

5.05 

5 

-0.03 

HD152391 

5495 

4.3 

-0.08 

1.3 

5.25 

5.25 

5.25 

5.2 

5.2 

0.05 

HD 157089 

5785 

4 

-0.56 

1 

4.58 

4.6 

4.55 

4.42 

4.42 

-0.19 

HD157214 

5820 

4.5 

-0.29 

1 

4.92 

4.92 

4.88 

4.78 

4.78 

-0.11 

HD159062 

5414 

4.3 

-0.4 

1 

4.75 

4.75 

4.8 

4.75 

4.7 

-0.11 

HD165401 

5877 

4.3 

-0.36 

1.1 

4.85 

4.85 

4.85 

4.75 

4.75 

-0.09 

HD190360 

5606 

4.4 

0.12 

1.1 



5.47 

5.4 

5.4 

0.05 

HD201889 

5600 

4.1 

-0.85 

1.2 

4.2 

4.23 

4.3 

4.18 

4.18 

-0.19 

HD201891 

5850 

4.4 

-0.96 

1 

4.05 

4.05 


4 

3.98 

-0.28 

HD204521 

5809 

4.6 

-0.66 

1.1 

4.45 

4.45 

4.5 

4.35 

4.35 

-0.18 

Thin disk 











HD166 

5514 

4.6 

0.16 

0.6 



5.42 

5.42 

5.42 

0.01 

HD1562 

5828 

4 

-0.32 

1.2 

4.95 

4.97 


4.85 

4.83 

-0.04 

HD1835 

5790 

4.5 

0.13 

1.1 



5.45 

5.45 

5.45 

0.07 

HD3651 

5277 

4.5 

0.15 

0.6 



5.45 

5.45 

5.5 

0.07 

HD4256 

5020 

4.3 

0.08 

1.1 



5.38 

5.4 

5.4 

0.06 

HD4307 

5889 

4 

-0.18 

1.1 

5.05 

5.05 

5.05 

4.98 

4.98 

-0.06 

HD4614 

5965 

4.4 

-0.24 

1.1 



5 

4.95 

4.95 

-0.04 

HD5294 

5779 

4.1 

-0.17 

1.3 

5.08 

5.1 

5.12 

5.08 

5.08 

0 

HD6660 

4759 

4.6 

0.08 

1.4 



5.4 

5.4 

5.4 

0.07 

HD7590 

5962 

4.4 

-0.1 

1.4 

5.17 

5.15 

5.15 

5.15 

5.15 

-0.01 

HD7924 

5165 

4.4 

-0.22 

1.1 



5 

5 

5 

-0.03 

HD8648 

5790 

4.2 

0.12 

1.1 



5.4 

5.38 

5.38 

0.02 

HD9407 

5666 

4.45 

0.05 

0.8 

5.25 

5.25 

5.22 

5.25 

5.25 

-0.07 

HD9826 

6074 

4 

0.1 

1.3 



5.27 

5.3 

5.27 

-0.07 

HD10086 

5696 

4.3 

0.13 

1.2 



5.32 

5.25 

5.25 

-0.11 

HD10307 

5881 

4.3 

0.02 

1.1 

5.3 

5.28 

5.28 

5.25 

5.22 

-0.01 

HD 10476 

5242 

4.3 

-0.05 

1.1 



5.2 

5.12 

5.12 

-0.05 

HD10780 

5407 

4.3 

0.04 

0.9 

5.3 

5.3 

5.24 

5.24 

5.24 

-0.04 

HD11007 

5980 

4 

-0.2 

1.1 

5 

5 

5 

4.92 

4.92 

-0.09 

HD11373 

4783 

4.65 

0.08 

1 



5.35 

5.25 

5.25 

-0.05 

HD 12846 

5766 

4.5 

-0.24 

1.2 

4.92 

4.92 

4.94 

4.87 

4.84 

-0.12 

HD13507 

5714 

4.5 

-0.02 

1.1 

5.22 

5.22 

5.26 

5.15 

5.18 

-0.03 

HD 14374 

5449 

4.3 

-0.09 

1.1 

5.24 

5.24 

5.18 

5.13 

5.13 

0.01 

HD16160 

4829 

4.6 

-0.16 

1.1 



5.12 

5.08 

5.08 

0 

HD 17674 

5909 

4 

-0.14 

1.1 

5.12 

5.12 

5.05 

5 

4.98 

-0.07 

HD17925 

5225 

4.3 

-0.04 

1.1 



5.25 

5.3 

5.3 

0.07 

HD18632 

5104 

4.4 

0.06 

1.4 



5.33 

5.38 

5.42 

0.07 

HD18803 

5665 

4.55 

0.14 

0.8 



5.4 

5.38 

5.38 

0 

HD19019 

6063 

4 

-0.17 

1.1 

5.08 

5.08 

5.05 

5 

5 

-0.05 

HD19373 

5963 

4.2 

0.06 

1.1 

5.4 

5.4 

5.36 

5.32 

5.32 

0.04 

HD20630 

5709 

4.5 

0.08 

1.1 



5.3 

5.25 

5.25 

-0.06 

HD22484 

6037 

4.1 

-0.03 

1.1 

5.22 

5.2 

5.22 

5.15 

5.15 

-0.04 

HD24053 

5723 

4.4 

0.04 

1.1 

5.35 

5.35 


5.21 

5.21 

-0.02 

HD24238 

4996 

4.3 

-0.46 

1 



4.65 

4.63 

4.6 

-0.16 
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Table 1: Continued. 


Star 

TeSjK 

log g 

Vt 

[Fe/H] 

4783, A 

4823,A 

5432,A 

6013,A 

6021, A 

[Mn/Fe] 

HD24496 

5536 

4.3 

-0.13 

1.5 

5.08 

5.08 

5.18 

5.08 

5.04 

-0.04 

HD25665 

4967 

4.7 

0.01 

1.2 



5.18 

5.18 

5.18 

-0.08 

HD25680 

5843 

4.5 

0.05 

1.1 

5.3 

5.3 

5.28 

5.25 

5.25 

-0.03 

HD26923 

5920 

4.4 

-0.03 

1 

5.2 

5.2 

5.12 

5.13 

5.13 

-0.07 

HD28447 

5639 

4 

-0.09 

1.1 

5.15 

5.15 

5.22 

5.1 

5.1 

-0.03 

HD29150 

5733 

4.3 

0 

1.1 

5.31 

5.33 


5.18 

5.18 

-0.01 

HD29310 

5852 

4.2 

0.08 

1.4 



5.32 

5.32 

5.32 

-0.01 

HD29645 

6009 

4 

0.14 

1.3 



5.38 

5.35 

5.35 

-0.03 

HD30495 

5820 

4.4 

-0.05 

1.3 

5.2 

5.2 

5.2 

5.15 

5.15 

-0.03 

HD33632 

6072 

4.3 

-0.24 

1.1 

4.95 

4.95 

4.95 

4.88 

4.88 

-0.1 

HD34411 

5890 

4.2 

0.1 

1.1 



5.36 

5.34 

5.34 

0 

HD37008 

5016 

4.4 

-0.41 

0.8 



4.68 

4.64 

4.62 

-0.19 

HD37394 

5296 

4.5 

0.09 

1.1 



5.35 

5.35 

5.35 

0.01 

HD38858 

5776 

4.3 

-0.23 

1.1 

5.05 

5.05 

5.07 

4.97 

4.97 

-0.01 

HD39587 

5955 

4.3 

-0.03 

1.5 

5.2 

5.2 

5.2 

5.1 

5.05 

-0.08 

HD40616 

5881 

4 

-0.22 

1.1 

5.08 

5.08 

5.08 

4.92 

4.92 

-0.02 

HD41330 

5904 

4.1 

-0.18 

1.2 

5.08 

5.08 

5.08 

4.98 

4.98 

-0.04 

HD41593 

5312 

4.3 

-0.04 

1.1 

5.3 

5.3 

5.23 

5.2 

5.2 

0.03 

HD42618 

5787 

4.5 

-0.07 

1 

5.15 

5.15 

5.18 

5.08 

5.08 

-0.06 

HD42807 

5719 

4.4 

-0.03 

1.1 

5.22 

5.25 

5.2 

5.15 

5.15 

-0.04 

HD43587 

5927 

4.1 

-0.11 

1.3 

5.2 

5.2 

5.2 

5.15 

5.12 

0.02 

HD43856 

6143 

4.1 

-0.19 

1.1 

5.05 

5.08 

5.02 

4.95 

4.95 

-0.06 

HD43947 

6001 

4.3 

-0.24 

1.1 

4.95 

4.95 

4.95 

4.85 

4.85 

-0.11 

HD47752 

4613 

4.6 

-0.05 

0.2 



5.18 

5.1 

5.1 

-0.07 

HD48682 

5989 

4.1 

0.05 

1.3 

5.33 

5.33 

5.25 

5.2 

5.2 

-0.05 

HD50281 

4712 

3.9 

-0.2 

1.6 



5 

5 

5.05 

-0.03 

HD50692 

5911 

4.5 

-0.1 

0.9 

5.08 

5.08 

5.08 

5 

5 

-0.11 

HD51419 

5746 

4.1 

-0.37 

1.1 


4.75 


4.68 

4.65 

-0.18 

HD51866 

4934 

4.4 

0 

1 



5.3 

5.3 

5.3 

0.05 

HD53927 

4860 

4.64 

-0.22 

1.2 



4.85 

4.85 

4.85 

-0.18 

HD54371 

5670 

4.2 

0.06 

1.2 

5.4 

5.4 

5.33 

5.3 

5.3 

0.03 

HD58595 

5707 

4.3 

-0.31 

1.2 

4.9 

4.92 


4.87 

4.85 

-0.06 

HD59747 

5126 

4.4 

-0.04 

1.1 



5.22 

5.28 

5.28 

0.05 

HD61606 

4956 

4.4 

-0.12 

1.3 



5.18 

5.15 

5.15 

0.03 

HD62613 

5541 

4.4 

-0.1 

1.1 

5.17 

5.2 

5.17 

5.07 

5.05 

-0.03 

HD63433 

5693 

4.35 

-0.06 

1.9 

5.08 

5.08 

5.15 

5.1 

5.05 

-0.11 

HD63433 

5693 

4.35 

-0.06 

1.5 

5.15 

5.25 

5.2 

5.15 

5.13 

-0.02 

HD64468 

5014 

4.2 

0 

1.2 



5.4 

5.32 

5.32 

0.1 

HD64815 

5864 

4 

-0.33 

1.1 

4.8 

4.83 

4.83 

4.75 

4.72 

-0.14 

HD65874 

5936 

4 

0.05 

1.3 

5.4 

5.4 

5.4 

5.34 

5.32 

0.06 

HD72905 

5884 

4.4 

-0.07 

1.5 

5.17 

5.17 


5.07 

5.07 

-0.07 

HD73344 

6060 

4.1 

0.08 

1.1 




5.27 

5.27 

-0.05 

HD73667 

4884 

4.4 

-0.58 

0.9 



4.45 

4.45 

4.4 

-0.24 

HD91347 

5931 

4.4 

-0.43 

1.1 

4.71 

4.71 


4.61 

4.61 

-0.17 

HD101177 

5932 

4.1 

-0.16 

1.1 

5.05 

5.05 

5.02 

4.98 

4.98 

-0.08 

HD102870 

6055 

4 

0.13 

1.4 



5.35 

5.3 

5.3 

-0.06 

HD105631 

5416 

4.4 

0.16 

1.2 



5.4 

5.4 

5.45 

0.01 

HD107705 

6040 

4.2 

0.06 

1.4 

5.3 

5.3 

5.25 

5.25 

5.25 

-0.05 

HD108954 

6037 

4.4 

-0.12 

1.1 

5.15 

5.15 

5.15 

5.05 

5.05 

-0.03 

HD109358 

5897 

4.2 

-0.18 

1.1 

5.08 

5.08 

5.05 

4.98 

4.98 

-0.05 

HD110463 

4950 

4.5 

-0.05 

1.2 



5.2 

5.12 

5.12 

-0.05 

HD111395 

5648 

4.6 

0.1 

0.9 



5.35 

5.32 

5.32 

-0.02 

HD112758 

5203 

4.2 

-0.56 

1.1 



4.56 

4.57 

4.52 

-0.14 

HD114710 

5954 

4.3 

0.07 

1.1 

5.35 

5.35 

5.25 

5.25 

5.25 

-0.04 

HD115383 

6012 

4.3 

0.11 

1.1 



5.38 

5.35 

5.35 

0 

HD115675 

4745 

4.45 

0.02 

1 



5.32 

5.3 

5.3 

0.04 

HD 116443 

4976 

3.9 

-0.48 

1.1 



4.6 

4.65 

4.73 

-0.11 

HD116956 

5386 

4.55 

0.08 

1.2 



5.35 

5.35 

5.35 

0.02 

HD 117043 

5610 

4.5 

0.21 

0.4 



5.52 

5.5 

5.5 

0.05 
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Table 1: Continued. 


Star 

TeB,K 

log g 

Vt 

[Fe/H] 

4783, A 

4823,A 

5432,A 

6013,A 

6021, A 

[Mn/Fe] 

HD119802 

4763 

4 

-0.05 

1.1 



5.25 

5.2 

5.25 

0.03 

HD122064 

4937 

4.5 

0.07 

1.1 



5.45 

5.35 

5.35 

0.06 

HD124642 

4722 

4.65 

0.02 

1.3 



5.35 

5.3 

5.3 

0.05 

HD125184 

5695 

4.3 

0.31 

0.7 



5.58 

5.56 

5.6 

0.02 

HD126053 

5728 

4.2 

-0.32 

1.1 

4.9 

4.9 


4.75 

4.75 

-0.11 

HD 127506 

4542 

4.6 

-0.08 

1.2 



5.1 

5.05 

5.05 

-0.1 

HD128311 

4960 

4.4 

0.03 

1.3 



5.22 

5.22 

5.22 

-0.06 

HD130307 

4990 

4.3 

-0.25 

1.4 



4.85 

4.88 

4.88 

-0.13 

HD130948 

5943 

4.4 

-0.05 

1.3 

5.18 

5.18 

5.18 

5.08 

5.08 

-0.07 

HD131977 

4683 

3.7 

-0.24 

1.8 



4.85 

4.93 

4.96 

-0.13 

HD135599 

5257 

4.3 

-0.12 

1 



5.15 

5.13 

5.2 

0.03 

HD137107 

6037 

4.3 

0 

1.1 

5.22 

5.22 

5.22 

5.15 

5.15 

-0.07 

HD139777 

5771 

4.4 

0.01 

0.7 

5.28 

5.28 

5.22 

5.18 

5.18 

-0.04 

HD139813 

5408 

4.5 

0 

0.9 

5.26 

5.28 

5.24 

5.22 

5.22 

-0.02 

HD140538 

5675 

4.5 

0.02 

0.9 

5.32 

5.32 

5.3 

5.25 

5.25 

0.01 

HD141004 

5884 

4.1 

-0.02 

1.1 

5.28 

5.28 

5.22 

5.18 

5.18 

-0.01 

HD141272 

5311 

4.4 

-0.06 

1.3 

5.18 

5.18 

5.15 

5.08 

5.08 

-0.07 

HD142267 

5856 

4.5 

-0.37 

1.1 

4.75 

4.72 

4.75 

4.68 

4.68 

-0.17 

HD 144287 

5414 

4.5 

-0.15 

1.1 

5.05 

5.05 

5.1 

5.04 

5.04 

-0.05 

HD 145675 

5406 

4.5 

0.32 

1.3 



5.7 

5.63 

5.6 

0.07 

HD146233 

5799 

4.4 

0.01 

1.1 

5.3 

5.3 

5.3 

5.25 

5.25 

0.01 

HD149661 

5294 

4.5 

-0.04 

1.1 

5.22 

5.22 

5.18 

5.18 

5.15 

-0.03 

HD149806 

5352 

4.55 

0.25 

0.4 



5.53 

5.52 

5.54 

0.03 

HD151541 

5368 

4.2 

-0.22 

1.3 

5 

5 

5 

4.95 

4.95 

-0.06 

HD153525 

4810 

4.7 

-0.04 

1.0 



5.18 

5.13 

5.13 

-0.06 

HD154345 

5503 

4.3 

-0.21 

1.3 

5.05 

5.08 


4.97 

4.95 

-0.04 

HD156668 

4850 

4.2 

-0.07 

1.2 



5.08 

5.15 

5.15 

-0.05 

HD156985 

4790 

4.6 

-0.18 

1.0 



5.02 

5 

5 

-0.06 

HD158633 

5290 

4.2 

-0.49 

1.3 



4.7 

4.6 

4.6 

-0.13 

HD160346 

4983 

4.3 

-0.1 

1.1 



5.15 

5.15 

5.15 

0 

HD161098 

5617 

4.3 

-0.27 

1.1 

4.98 

4.95 


4.95 

4.93 

-0.03 

HD164922 

5392 

4.3 

0.04 

1.1 

5.32 

5.32 

5.35 

5.32 

5.32 

0.03 

HD165173 

5505 

4.3 

-0.05 

1.1 

5.2 

5.22 

5.22 

5.18 

5.18 

-0.01 

HD 165476 

5845 

4.1 

-0.06 

1.1 

5.18 

5.18 

5.2 

5.1 

5.1 

-0.05 

HD 165670 

6178 

4 

-0.1 

1.5 

5.12 

5.12 

5.12 

5.05 

5.05 

-0.07 

HD165908 

5925 

4.1 

-0.6 

1.1 

4.55 

4.55 

4.4 

4.48 

4.45 

-0.15 

HD166620 

5035 

4 

-0.22 

1 



4.95 

5.05 

5.05 

-0.01 

HD171314 

4608 

4.65 

0.07 

1.0 



5.3 

5.25 

5.25 

-0.05 

HD174080 

4764 

4.55 

0.04 

1.0 



5.32 

5.32 

5.32 

0.03 

HD 175742 

5030 

4.5 

-0.03 

2.0 



5.15 

5.15 

5.15 

-0.07 

HD176377 

5901 

4.4 

-0.17 

1.3 

5 

5 

5.04 

4.95 

4.9 

-0.11 

HD 176841 

5841 

4.3 

0.23 

1.1 



5.56 

5.52 

5.52 

0.05 

HD178428 

5695 

4.4 

0.14 

1.1 



5.42 

5.38 

5.38 

0 

HD180161 

5473 

4.5 

0.18 

1.1 



5.45 

5.42 

5.42 

0 

HD 182488 

5435 

4.4 

0.07 

1.1 



5.42 

5.38 

5.38 

0.07 

HD183341 

5911 

4.3 

-0.01 

1.3 

5.2 

5.2 

5.22 

5.18 

5.18 

-0.05 

HD184385 

5536 

4.45 

0.12 

0.9 



5.36 

5.36 

5.36 

-0.01 

HD185144 

5271 

4.2 

-0.33 

1.1 



4.9 

4.9 

4.9 

-0.02 

HD185414 

5818 

4.3 

-0.04 

1.1 

5.13 

5.1 

5.08 

5.06 

5.03 

-0.14 

HD 186408 

5803 

4.2 

0.09 

1.1 



5.38 

5.33 

5.33 

0.01 

HD 186427 

5752 

4.2 

0.02 

1.1 

5.25 

5.27 

5.28 

5.23 

5.2 

-0.03 

HD 187897 

5887 

4.3 

0.08 

1.1 



5.33 

5.3 

5.3 

-0.02 

HD189087 

5341 

4.4 

-0.12 

1.1 

5.16 

5.16 

5.18 

5.1 

5.1 

0 

HD189733 

5076 

4.4 

-0.03 

1.5 



5.2 

5.15 

5.15 

-0.05 

HD190007 

4724 

4.5 

0.16 

0.8 



5.43 

5.45 

5.45 

0.03 

HD190406 

5905 

4.3 

0.05 

1.1 

5.3 

5.3 

5.25 

5.23 

5.23 

-0.05 

HD190470 

5130 

4.3 

0.11 

1 



5.47 

5.45 

5.45 

0.1 

HD190771 

5766 

4.3 

0.13 

1.5 



5.3 

5.28 

5.25 

-0.1 

HD191533 

6167 

3.8 

-0.1 

1.5 

5.2 

5.2 

5.15 

5.08 

5.08 

-0.02 
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Table 1: Continued. 


Star 

TeffjK 

log g 

Vt 

[Fe/H] 

4783, A 

4823,A 

5432,A 

6013,A 

6021, A 

[Mn/Fe] 

HD191785 

5205 

4.2 

-0.12 

1.2 



5.1 

5.08 

5.08 

-0.04 

HD195005 

6075 

4.2 

-0.06 

1.3 

5.21 

5.2 

5.21 

5.15 

5.15 

-0.02 

HD195104 

6103 

4.3 

-0.19 

1.1 

5.02 

5.02 

4.95 

4.95 

4.95 

-0.09 

HD197076 

5821 

4.3 

-0.17 

1.2 

5.08 

5.08 

5.08 

5.02 

5.02 

-0.03 

HD199960 

5878 

4.2 

0.23 

1.1 



5.5 

5.5 

5.5 

0.02 

HD200560 

5039 

4.4 

0.06 

1.1 



5.36 

5.36 

5.36 

0.05 

HD202108 

5712 

4.2 

-0.21 

1.1 

4.98 

4.98 

5 

4.95 

4.95 

-0.08 

HD202575 

4667 

4.6 

-0.03 

0.5 



5.2 

5.17 

5.17 

-0.04 

HD203235 

6071 

4.1 

0.05 

1.3 

5.33 

5.33 

5.3 

5.28 

5.28 

-0.01 

HD205702 

6020 

4.2 

0.01 

1.1 

5.32 

5.3 

5.3 

5.25 

5.22 

0.01 

HD208038 

4982 

4.4 

-0.08 

1 



5.07 

5.12 

5.15 

-0.06 

HD208313 

5055 

4.3 

-0.05 

1 



5.2 

5.22 

5.25 

0.02 

HD208906 

5965 

4.2 

-0.8 

1.7 

4.3 

4.35 



4.25 

-0.16 

HD210667 

5461 

4.5 

0.15 

0.9 



5.45 

5.45 

5.48 

0.06 

HD210752 

6014 

4.6 

-0.53 

1.1 

4.65 

4.68 

4.65 

4.58 

4.55 

-0.11 

HD211472 

5319 

4.4 

-0.04 

1.1 

5.18 

5.22 

5.17 

5.12 

5.17 

-0.05 

HD214683 

4747 

4.6 

-0.46 

1.2 




4.7 

4.65 

-0.11 

HD216259 

4833 

4.6 

-0.55 

0.5 




4.45 

4.45 

-0.24 

HD216520 

5119 

4.4 

-0.17 

1.4 



4.95 

5.02 

5.02 

-0.08 

HD217014 

5763 

4.3 

0.17 

1.1 



5.42 

5.42 

5.42 

0 

HD217813 

5845 

4.3 

0.03 

1.5 

5.2 

5.2 

5.25 

5.17 

5.17 

-0.09 

HD218868 

5547 

4.45 

0.21 

0.4 



5.52 

5.54 

5.54 

0.07 

HD219538 

5078 

4.5 

-0.04 

1.1 



5.18 

5.25 

5.25 

0.02 

HD219623 

5949 

4.2 

0.04 

1.2 

5.2 

5.2 

5.18 

5.2 

5.2 

-0.1 

HD220140 

5144 

4.6 

-0.03 

2.4 



5.18 

5.18 

5.18 

-0.04 

HD220182 

5364 

4.5 

-0.03 

1.2 

5.25 

5.25 

5.25 

5.18 

5.2 

0 

HD220221 

4868 

4.5 

0.16 

0.5 



5.53 

5.38 

5.45 

0.04 

HD221851 

5184 

4.4 

-0.09 

1 



5.07 

5.05 

5.1 

-0.09 

HD222143 

5823 

4.45 

0.15 

1.1 



5.37 

5.28 

5.32 

-0.08 

HD224465 

5745 

4.5 

0.08 

0.8 



5.35 

5.3 

5.32 

-0.01 

HD263175 

4734 

4.5 

-0.16 

0.5 



5.08 

5.02 

5.02 

-0.05 

HDBD+12063 

4859 

4.4 

-0.22 

0.6 



4.85 

4.88 

4.94 

-0.14 

HDBD+124499 

4678 

4.7 

0 

0.5 



5.32 

5.25 

5.25 

0.02 

Hercules 











HD 13403 

5724 

4 

-0.31 

1.1 

4.88 

4.88 

4.93 

4.9 

4.9 

-0.05 

HD19308 

5844 

4.3 

0.08 

1.1 



5.44 

5.36 

5.36 

0.06 

HD23050 

5929 

4.4 

-0.36 

1.1 

4.87 

4.85 

4.87 

4.8 

4.77 

-0.07 

HD30562 

5859 

4 

0.18 

1.1 



5.44 

5.41 

5.44 

0 

HD64606 

5250 

4.2 

-0.91 

0.8 

4.26 

4.26 

4.28 

4.2 

4.2 

-0.11 

HD68017 

5651 

4.2 

-0.42 

1.1 

4.78 

4.78 

4.83 

4.73 

4.73 

-0.07 

HD81809 

5782 

4 

-0.28 

1.3 

4.85 

4.85 

4.92 

4.82 

4.8 

-0.13 

HD107213 

6156 

4.1 

0.07 

1.6 

5.35 

5.35 

5.35 

5.35 

5.3 

0.01 

HD139323 

5204 

4.6 

0.19 

0.7 



5.65 

5.55 

5.55 

0.14 

HD 144579 

5294 

4.1 

-0.7 

1.3 

4.45 

4.45 

4.53 

4.4 

4.4 

-0.11 

HD159222 

5834 

4.3 

0.06 

1.2 

5.38 

5.38 

5.37 

5.33 

5.28 

0.03 

HD159909 

5749 

4.1 

0.06 

1.1 

5.36 

5.36 

5.32 

5.28 

5.28 

0 

HD215704 

5418 

4.2 

0.07 

1.1 



5.38 

5.32 

5.32 

0.02 

HD218209 

5705 

4.5 

-0.43 

1 

4.75 

4.75 

4.79 

4.72 

4.69 

-0.09 

HD221354 

5242 

4.1 

-0.06 

1.2 



5.2 

5.2 

5.2 

0.01 

Nonclass 











HD4628 

4905 

4.6 

-0.36 

0.5 



4.8 

4.8 

4.8 

-0.09 

HD4635 

5103 

4.4 

0.07 

0.8 



5.4 

5.35 

5.35 

0.05 

HD10145 

5673 

4.4 

-0.01 

1.1 

5.18 

5.18 

5.22 

5.15 

5.15 

-0.07 

HD12051 

5458 

4.55 

0.24 

0.5 



5.5 

5.5 

5.5 

0.01 

HD 13974 

5590 

3.8 

-0.49 

1.1 

4.7 

4.7 

4.7 

4.65 

4.65 

-0.09 

HD17660 

4713 

4.75 

0.17 

1.3 



5.55 

5.5 

5.5 

0.1 

HD20165 

5145 

4.4 

-0.08 

1.1 



5.18 

5.15 

5.15 

-0.01 

HD24206 

5633 

4.5 

-0.08 

1.1 

5.2 

5.18 

5.18 

5.12 

5.1 

-0.02 

HD32147 

4945 

4.4 

0.13 

1.1 



5.5 

5.45 

5.45 

0.09 



Mn abundances in the disc stars 


Table 1: Continued. 


Star 

TeB,K 

log g 

Vt 

[Fe/H] 

4783, A 

4823,A 

5432,A 

6013,A 

6021, A 

[Mn/Fe] 

HD45067 

6058 

4 

-0.02 

1.2 

5.2 

5.2 

5.17 

5.1 

5.1 

-0.09 

HD84035 

4808 

4.8 

0.25 

0.5 



5.7 

5.62 

5.62 

0.15 

HD86728 

5725 

4.3 

0.22 

0.9 



5.5 

5.5 

5.5 

0.03 

HD90875 

4788 

4.5 

0.24 

0.5 



5.72 

5.62 

5.62 

0.14 

HD117176 

5611 

4 

-0.03 

1 

5.22 

5.25 

5.25 

5.18 

5.18 

-0.01 

HD117635 

5230 

4.3 

-0.46 

0.7 



4.75 

4.7 

4.7 

-0.07 

HD154931 

5910 

4 

-0.1 

1.1 

5.17 

5.18 

5.18 

5.1 

5.1 

-0.01 

HD 159482 

5620 

4.1 

-0.89 

1 

4.2 

4.2 


4.12 

4.12 

-0.21 

HD168009 

5826 

4.1 

-0.01 

1.1 

5.3 

5.3 

5.3 

5.25 

5.22 

0.02 

HD 173701 

5423 

4.4 

0.18 

1.1 



5.58 

5.52 

5.52 

0.11 

HD 182736 

5430 

3.7 

-0.06 
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